the MBL concentrations in serum. The statistical analysis was done using GraphPad Prism 6.0. Comparisons were performed by Kruskal-Wallis and Mann-Whitney tests and analyzed by χ 2 test; continuous variables are presented as medians and categorical variables as frequencies. Results: The median MBL concentrations in decreasing order were as follows: invasive cancer: 1,452 ng/mL, CIN-I: 1,324 ng/mL, CIN-II: 1,104 ng/mL, and CIN-III 1,098 ng/mL. However, no statistical significance was found among the 4 groups with HPVassociated lesions (p = 0.11). Equally, the MBL levels did not show a significant association between the age of the patients and the severity of the cervical lesions (p = 0.68). No statistical significance was found in the median values of MBL or in the status of MBL deficient (<100 ng/mL) and high producers (>1,000 ng/mL) among the women in each group (p = 0.77). Conclusion: In this study, there was no statistically significant difference in MBL serum levels among the Keywords Complement · Human papillomavirus · Cervical intraepithelial neoplasia · Cervical cancer Abstract Objective: To evaluate serum concentrations of mannosebinding lectin (MBL) in women presenting with different human papillomavirus (HPV)-associated cervical lesions. Subjects and Methods: A total of 364 women, who underwent screening for cervical cancer or treatment at the Erasto Gaertner Cancer Hospital (HEG), Curitiba, Brazil, were enrolled in the study. Based on the latest cervical colposcopyguided biopsy results, the women were divided into 4 groups: cervical intraepithelial neoplasia CIN-I (n = 54), CIN-II (n = 72), CIN-III (n = 145), and invasive cancer (n = 93). A timeresolved immunofluorometric assay was used to measure 
Introduction
Despite decades of research and preventive effort, cervical cancer remains the second leading cause of cancerrelated death in women worldwide, especially in developing countries [1] [2] [3] . The human papillomavirus (HPV) is considered necessary for the development of squamous cell carcinoma of the uterine cervix (SCC) [1] . In about 10% of women with persistent HPV infection, the development of SCC begins with a preinvasive lesion, known as cervical intraepithelial neoplasia (CIN) [3, 4] . Based on their capacity to progress into invasive cancer, these preinvasive lesions are classified as follows: high percentage of regression (CIN-I), uncertain behavior (CIN-II), and high potential of progression to cancer (CIN-III).
Cytological screening programs are aimed at detecting and treating these precursor lesions to prevent the onset of invasive cancer [2] , but the progression of these preinvasive lesions, most notably high-grade lesions (CIN-II and CIN-III), into invasive SCC is still unpredictable [4] . The standard surgical treatments for patients with HPV-associated cervical lesions (especially CIN-II and III) could damage the cervical stroma, leading to cervical stenosis or cervical incompetence [5, 6] . Therefore, it is crucial to establish methods to identify the patients whose lesions will progress to invasive SCC. Hence, molecular biomarkers which would selectively identify high-risk patients [2, 7] have become important tools in the study of cervical cancer.
Mannose-binding lectin (MBL) is used as part of the first line of defense against infection, being a pattern recognition receptor that plays a pivotal role in innate immunity by interacting with surface sugars of a wide variety of microorganisms. The MBL activates the lectincomplement pathway, promotes opsonophagocytosis, and modulates inflammation [8] . Human MBL is encoded by the MBL2 gene, which largely defines MBL serum concentrations because the MBL levels vary 10-fold among individuals with an identical MBL genotype [9] [10] [11] . Low levels of serum MBL have been reported to be related to vulnerability due to infections by a wide range of microorganisms including viruses [8, 11] . Conversely, higher levels of MBL could enhance tissue destruction due to unwarranted activation of complement [8, 12] . In a few studies, an association between HPV and MBL has been reported [13] [14] [15] [16] . Two of these studies [14] [15] [16] showed that certain polymorphisms in the MBL2 gene were associated with higher susceptibility to infection conferred by high-risk HPV genotypes, but another study [13] did not show any such association between MBL2 polymorphisms and HPV infection.
Ramos et al. [17] have previously reported on MBL concentrations in women presenting with HPV-associated cervical lesions, but there was no statistically significant difference between the median serum MBL levels in HPV-infected women presenting with CIN-III lesions and healthy controls. There are still no reports on MBL concentrations in women presenting with CIN-I and II or invasive cervical cancer. Thus, the objective of the present study was to assess MBL concentrations in HPV-infected women presenting with different cervical lesions.
Subjects and Methods
The study was carried out at the Erasto Gaertner Cancer Hospital (HEG) in Curitiba, in the southern region of Brazil, a reference center for the treatment of gynecological malignancies. The Institutional Ethics Committee approved the study. Inclusion criteria were cervical cancer screening and treatment at HEG from January 2011 to March 2012. Exclusion criteria were pregnancy, HIV positive, systemic infection, autoimmune disease, and blood transfusion within the last 60 days. Written informed consent was obtained from the all patients.
A group of 364 women was selected for this study. Based on the latest cervical colposcopy-guided biopsy, the 364 women were divided into 4 groups: CIN-I (n = 54), CIN-II (n = 72), CIN-III (n = 145), and invasive cancer (n = 93). The loop electrical excision procedure or cold knife cone excision was used to confirm the previous biopsy results. A 3-mL sample of venous blood was collected from each subject and allowed to coagulate; it was then centrifuged and serum was separated, aliquoted (500 µL), and stored at -80 ° C until used to determine MBL concentrations.
MBL Quantification
An in-house time-resolved immunofluorometric assay, as described by Frederiksen et al. [10] , was used to determine the MBL concentration serum samples at Aarhus University, Aarhus, Denmark. Briefly, serum samples were thawed, diluted, and incubated in 1 µg mannan-coated wells washed several times. The bound MBL was quantified using biotinylated anti-MBL, followed by europium-labeled streptavidin. An enhancement solution was also added, and the signals were measured by time-resolved fluorometry on a 1232 Delfia fluorometer (Perkin Elmer/Wallac). For each mannan-coated microtiter plate used, 3 standard samples of laboratory controls were added and all the samples and controls were measured in duplicate.
Statistical Analysis
The statistical analysis was done using GraphPad Prism 6.0 (La Jolla, CA, USA) software package. Comparisons were performed 
Results
The mean age of each of the 4 study groups, the corresponding MBL serum levels, and lesion severity are shown in Table 1 . Based on the median MBL concentration levels, no statistical significance was found among the 4 groups with HPV-associated lesions (p = 0.11). Equally, the MBL levels did not show a significant association between the age of the subjects and the severity of the disease (p = 0.68).
Of the 364 patients, 19 (5.2%) presented with MBL levels >5,000 ng/mL: CIN-I: 4 (7.4%), CIN-II: 2 (2.8%), CIN-III: 3 (2.1%), and SCC: 10 (10.8%). Of the 10 SCC cases, 1 presented a microinvasive cervical cancer, 2 presented SCC stage I, and the other 7 were advanced SCC.
Based on the serum MBL levels, patients with MBL concentrations ≤100 ng/mL were considered MBL deficient and those with >1,000 ng/mL were considered high producers. The distribution of high and deficient producers among the 4 groups is described in Figure 1 . No significant difference was found when comparing the 4 groups according to this distribution (p = 0.77).
Discussion
In the present study, various MBL serum concentrations were not associated with the severity of cervical lesions. Therefore, it is probable that MBL serum concentration did not influence the progression of preinvasive cervical lesions into invasive cancer. The maintenance of stable HPV genomes in cells is the basis for viral deoxyribonucleic acid (DNA) persistence as the primary risk factor in cervical carcinogenesis [3, 4] . As the complement system is part of the innate response, its activation produces inflammation, and it had been reported [3, 4] that oncogenesis due to inflammation is associated with cancer development [3, 4] . However, the mechanisms underlying the relationship between chronic inflammation and cancer still remain undefined.
The innate immune response components plays active roles in the progression of CIN into invasive SCC [7] , and it has been shown that immunocompromised patients developed more severe HPV infections [18, 19] . Furthermore, immunodepression has already been associated with increased recurrence of infections and higher viral load as well as the development of precancerous lesions [7, 19] . Generally, low levels of MBL concentrations have been associated with vulnerability to bacterial, fungal, and viral infections [8, 20, 21] . Also, it has been suggested to be a potential factor favoring the development of cancer, such as pediatric or solid tumor cancer [22] . Nevadunsky et al. [23] have demonstrated that MBL polymorphism was associated with reduced MBL protein concentrations in the vagina, and that this reduction may increase susceptibility to the development of ovarian cancer.
In this study, deficient and high MBL producers in each group of cervical lesions were indirectly identified by determining the MBL serum concentration. However, no statistically significant difference was found when stratifying the groups regarding MBL production, as previously reported [15, 16] . Conversely, it has been reported that specific functional polymorphisms in the MBL2 gene could increase women's susceptibility to infection by high-risk HPV genotypes due to low MBL serum levels [14] [15] [16] . In addition, Zupin et al. [24] suggested a possible association between MBL2 polymorphisms responsible for low MBL production and susceptibility to the development of atypical squamous cells of undetermined significance.
The virus replicates within the cytoplasm of epithelial cells, preventing the activation of the immune response [25] . In addition, the viral cycle is noncytolytic and occurs only in cells already programmed to die during the epithelial maturation. There are also important viral proteins, E6 and E7, responsible for inactivating the interferon-dependent response, which is responsible for the host's viral protection [1, 26] . Most importantly, the virus has very low serum circulating levels, avoiding contact with cells and circulating proteins of innate response [25, 26] . Thus, the combination of these mechanisms, most notably the low MBL circulating levels, could explain why variations in the MBL serum concentration have a poor association with HPV infection and associated carcinogenesis.
The current data showed no statistically significant difference between median MBL serum levels of women presenting with CIN-III cervical lesions compared to healthy controls, as previously reported on MBL serum concentrations in HPV-infected women [17] .
The SCC group had the highest MBL median concentration and more cases >5,000 ng/ml. Plausible explanations for this finding could include an increase in MBL levels secondary to extensive tissue necrosis or metastatic disease leading to a systemic inflammatory process. As MBL is directly involved in the process of apoptosis, the extension of the cervical lesion necrosis itself could potentially interfere with the serum levels [27] . Ytting et al. [28] also reported that an increase in storing and decreased metabolism could be responsible for the higher concentrations and that patients with cancer, most notably colorectal cancer, could present with higher MBL levels regardless of their MBL2 genotype.
Conclusion
This study did not show any statistically significant difference in the MBL median serum levels among the groups of patients with cervical lesions. Further studies are necessary to identify the role of the complement system in HPV-associated carcinogenesis.
